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@ Mold for molding glass and method of producing the same. 

(g) A water-soluble, high molecular weight dis- 
persing agent, such as carboxmethyt celluk^se, 
is present in a dispersion coating bath of a 
solutk)n of a water-soluble nickel salt contain- 
ir>g graphite dispersed therein, and a mokl for 
molding a glass is inrunersed therein in a man- 
ner that the moki serves as the cathode and the 
nicket metal serves as the arx>de in order to 
effect the plating whSe suppressing nickel or a 
nickel-based alioy in the film from growing in a 
vertkarf cSrection or in the directfon of the plane 
thereof. On the irvier surfaces of the mokl is 
formed a film whfeh comprises a matrfac of 
nkdcel or the nickel-based alloy whteh as a 
whole has a flake-like fbmi that is continuous 
and exists in an open cellular form and a 
graphite granule phase which is hekl in the 
open cells and is outwardly exposed on the 
surface. Since nickel is suppressed from grow^ 
ing Itke granules, the fUm exhibits excellent 
lubricating property, heat resistance, parting 
property. at>rasion resistance and durability in 
combination. 



FIG. 1 
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Background of the invention 
{1 ) FieW of the Invention 

5 The present invention relates to a mold for nnolding a glass and to a method of producing the same. More 

speciftcally, the invention relates to a mold which is used for molding a parison from a molten glass (gob), and 
which features long life, excellent moldability and smoothness of the glass molded articles. 

(2) Description of the Prior Art 

10 

In a step of nr>olding a glass, masses of glass melted at a high temperature are thrown into a mold (blank 
mold and neck ring). In this case masses of glass do not often completely flow into the mold or wrinkles develop 
due to frfctional resistance relative to the mold. In order to prevent this as weU as to easily remove the glass 
molded into the shape of a parison from the nrwld, an oil (swabbing compound) containing graphite is applied 
15 onto the inner surfaces of the mold maintaining an interval of several tens of minutes. However, since the mold 
is usually heated at a temperature as high as about 500**C, oH soot generates to detenorate the working en- 
vironment Moreover, the graphite applied in excess aniounts adheres to the surfaces of the glass container 
causing the products to be fouled and deteriorating the yiekls of the products. 

In order to solve these problems, there have been proposed a variety of lubricating/parting agents to sub- 
20 stitute for the swabbing compounds. For instance. Japanese L^id-Open Patent Publication No. 127111/1976 
discloses a lubricating/parting agent used in an apparatus for producing glass containers, comprising 5 to 30% 
by weight of graphite or a mixture of graphite and a boron nitride, 5 to 30% by weight of at least one compound 
selected from the group consisting of aluminum biphosphate, aluminum primary phosphate and magnesium 
biphosphate, and 40 to 90% by weight of an aqueous solution containing add. 
25 In order to impart lubricating/parting property to the inner surface of the mold, furthermore, Japanese 
Laid-open Patent Publication No. 10207/1974 discloses a mold for molding glass articles in which a nickel f Sm 
containing phosphorus in an amount of 3 to 13% by weight is nonelectrolytkally plated onto the inner surfaces 
of the mold maintaining a thickness of 5 to 300 ^m. 

Japanese Laid-Open Patent PuWicatton No. 10027/1988 filed by the present inventors discloses a mold 
30 for nroiding a glass wherein the inner surfaces of the mold are coated wtth a film in which are dispersed graphite 
granules using nickel or a nickel-based alloy comprising chiefly nickel as a matrix. 

However, the former lublica ting/parting agent is yet poor in regard to heat resistance and abrasion resis- 
tance, and has a life of about 1 to 3 days. The alloy coating method menttoned above is excellent in regard to 
durability of the film but still has a problem with respect to lubricating property whk:h is very poor. 
35 The latter nickel film dispersed with graphite exhibits excellent lubricating property and durability compared 
with those of the above prior art. but st3l tends to develop fine scars on the glass surfaces. The scars on the 
surface of the molded glass gradually Increase after used for extended perk>d5 of time. 

That is, the film of the graphite-dispersed nickel plating exhibits excellent lubrbating property possessed 
by graphite and excellent heat resistance and abrasion resistance possessed by nickel. In effecting the dis- 
40 persive plating, however, the nickel layer plated on the surfaces of the nr»old greatly grow like granules in a 
directten perpendteularly to the surface of the nr>oid. Thus, scars develop in the surface of the glass being 
caused by nickel that undergo granular growth. 

Summary of the lnvefrtk>n 

45 

The object of the present invention therefore is to provide a mold for nx)lding a glass in which nickel or a 
nickel- based alloy comprising chiefly nickel serving as a matrix and graphite granules are dispersively plated 
on the inner surfaces of the moAd for molding a glass, wherein granular growth of nickel is suppressed in order 
to obtain excellent hibricating property, heat resistance, parting property, abrasion resistance and durability 
so in combinatton. eliminating the aforementioned defects in the prior art The invention further provides a method 
of producing such a mold. 

According to the present invention, there is provided a mold for molding a glass the inner surfaces of which 
being coated with nickel or a nickel-based alloy comprising chiefly nickel and with graphite granules, wherein 
said coated film comprises a matrix of nickel or a nick el-based alloy that exists in the form of open cells and 
55 a graphite granule phase that is held in saki open ceils and is outwardly exposed on the surface, and said 
nickel or said nickel- based alloy exists in the form of thin flakes on a vertical cross section of the film in the 
directk»n of the plane thereof and in a direction perpendicular thereto in a number of several percent to greater 
than 50 percent and having flake lengths of not greater than 20 ^m. 
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According to the present invention, furthermore, there is provided a method of producing a moid for mold- 
ing a glass comprising immersing the mdd for molding a glass in a dispersion coating bath containing a solution 
of a water-soluble nickel salt with graphite being dispersed therein in a manner that the mold serves as the 
cathode and the nickel metal serves as the anode, and flowing an electric current in order to precipitate nickel 
5 as swell as graphite, wherein water-soluble high molecules are made present as a dispersing agent in the dis- 
persion coating bath in order to suppress the growth of nickel or nickel-based alby in the Urn in the perpen- 
dicular directton and in the direction of the plane thereof. A preferred example of the water-soluble high mol- 
ecules is an anionic high molecular dispersing agent Particularly distinguished effects are obtained when 
graphite granules are used being treBted in advance. 

10 

Brief Description of the Drawing 

Fig. 1 is a electron nrwcrophotograph of the inner surface in cross section of a metal mold for molding a 
glass according to the present Invention. 

IS 

Detailed Description of the Inventton 

According to the present invention, the Inner surfaces of the mold are coated with a film of nickel or a 
nickel-based alloy conr>prising chiefly nickel and graphite granules by the nickel-graphite dispersion coating, 
20 The reason is because this flm exhibits excellent lubricating property, heat resistance, parting property and 
abraskwi property in combination at the time of molding a glass. 

As pointed out already, however, the film formed by the nickel-graphite dispersion coating exhibits excel- 
lent lubricating property possessed by graphite and excellent heat resistance and abrasion resistance pos- 
sessed by nickel. In effecting the dispersion coating, however, the nickel-plated layer tends to grow like gran- 
25 ules in a direction perpendteularly to the surface of the mold or further fri the direction of the plane thereof, 
and fine scars Inevitably develop in the surface of the glass due to nickel that has grown \ke granules. 

According to the present invention, it was discovered that when water-soluble high molecules are made 
present as a dispersing agent in a dispersive plating bath which contains a solutton of a water-soluble nickel 
salt with graphite being dispersed therein, nickel or the nickel-based alloy in the film suppressed from growing 
30 in the perpendicular drection or in the directfon of the plane thereof, and a film haying a novel and fine structure 
is formed on the surfaces of the nnold for nK>lding a glass. 

The film that exists on the surface of the mold for molding a glass according to the present invention conrh 
prises (1) a matrix of nickel or a nickel-based alloy (hereinafter simply referred to as nickel) which is of the 
form of thin flakes and is continuous as a whole but exists in the form of open cells, and (2) a graphite granule 
35 phase which is held in the open cells and is outwardly exposed on the surface. Even in this dispersively plated 
film, the nickel matrix is formed through a step in which nickel granules prectpltated by plating on the nickel 
granules undergo granular growth. Therefore, the nickel matrix as a whole is in a continuous fornx In the film 
of the present invention, however, the nickel is suppressed from growing like granules in the perpendicular 
directbn or in the direction of the place, but assumes the form of thin flakes and exists in the form of open 
40 cells, creating a distinguished feature. The open celt stands for a structure of a wall (celi) found in a commu- 
nicating bubble-type foamed material:- though the walls are continuous, there necessarBy exist open portions. 
Graphite granules are held In the open cells consisting of nickel, and are further outwardly exposed on the 
surface of the filra 

The accompanying Fig. 1 is an electron microphotograph (magnification, 200 times) of the cross section 
45 of the surface of the mold for molding a glass of the present invention, wherein the lower continuous portion 
is an underlying pDetal, the white thin flake-like portions in the upper film represent nickel-plated layer, and 
grey granules represent a graphite granule phase. It will be well comprehended from this drawing that the f Hm 
on the mold for molding a glass of the present invention has the fine structure as described above. 

As will be understood from Rg. 1, the nickel-plated layer or the matrix has the form of thin flakes of not 
50 more than 20 ^ on a vertk:al cross section of the fim in the direction of the plane thereof and in a direction 
perpendicular thereto in a number of at least 50 percent of the entire number. 

In this specification, the flake length stands for that of the nickel-plated layer that is found by taking a 
photograph of the cross sectton of the film using a scanning electron microscope (SEM) and subjecting it to 
an Image processor The magnification of the SEM image is 700 times, and the cutting width of the image 
55 processing is 0.3 nm. 

In the film on the surface of the nrold for molding a giass-of the present invention, nickel exists in the form 
of fine open cells and graphite granules are held in the cells. Therefore, the film has a mechanically rigid struc- 
ture and exhibits excellent abrasbn resistance, durability and heat resistance. Moreover, the graphite granules 
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that are outwardly exposed through the open cells exhibit excellent lubricating property stably for extended 
periods of time. Moreover, since nickel exists in the form of thin flakes, molded articles of glass are not scratch- 
ed even when the film is worn out; i.e., the molded articles of glass are permitted to have smooth and excellent 
appearance. 

In the method of the present invention, the fact was discovered as a phenomenon in that a high molecular 
dispersing agent blended in the dispersively plating bath suppresses the nickel finom growing like granules in 
a directkMi perpendcular to the film surface and in the direction of the plane thereof, and brings about open 
cellular form and thin flake structure. Though the reason is not yet obvious, it is considered that the high mo- 
lecular dispersing agent present in the plating bath promotes the graphite granules to adhere to the active 
points of the plated nickel that grows like granules. 

Partcularly great effect for suppressing the growth of granules is exhibited when an anionic high molecular 
dispersing agent is used as the high rrx)lecular dispersing agent probably due to the fact that graphite granules 
precipitate on the above-mentioned active points through the anionic dispersing agent Because of this reason, 
the graphite granules are better treated in advance with the anionic high molecular dispersing agent 

Descriptton dthe Preferred Embodiments 

(Mold for nDOtdIng a glass) 

Examples of the mold include any nwlds such as blank mold, finish rrwld. neck ring, bottom plate, baffle, 
press mold, etc that are used for the production of bottle or jar, parisons thereof, dishes or any other molded 
articles by putting a mass of molten glass or a so-called gob to such a molding method as press molding, blow 
molding, press and blow process or blow and blow process. 

(Dispersh^ plating) 

The film is formed on the above-mentioned mold relying upon the dispersive plating method that will be 
described below in detaH. First prior to effecting the dispersive plating, the Inner surfaces of the mold are 
cleansed t>y dewaxing with an alkali, washing with an ackl, polishing with emery, or shot blasting. The mold 
is immersed in the plating bath in a manner that the moid serves as a cathode and nickel serves as an anode 
which are opposed to each other» and an electric current is permitted to flow, so that graphite is precipitated 
together wHh nk:kel to form a film. In this case, what is important is that the water-soluble high molecular dis- 
persir>g agent and. in partfcular, the anionic high molecular dispersing agerit is made present in the dispersive 
plating bath. 

The water-soluble high molecular dispersing agent is extensively used for the purpose that the granules 
are stably dispersed or suspended in the aqueous nrtediunn. According to the present invention, however, the 
above dispersing agent is used not only to improve the dispersion or suspensbn property but also to suppress 
the nickel-plated layer from growing like granules in a predetermined directton, which is a quite different action. 

Preferred examples of the water-soluble high molecular dispersing agent include anionk; water-soluble 
polymers such as carboxymethyi cellulose, carboxymethyl starch, alginate, maleic acid-vinyl ether copolymer, 
(meth)acry(k: acid-(meth)acrylic acid ester copolymer, (rr>eth)acrylte add-vinyi acetate copoiyrrter. cellulose 
derivatives obtained by graft-polymerizing (meth)acrylic acid or (anhydrous) maleic add, partly or completely 
saponified vinyl polyacetate, and other polyrr^ers. 

Examples of the water-soluble high nwlecular dispersing agent may further include other water-soluble 
high molecules such as methyl ceDulose. ethyl cellulose, hydroxyethyl cellulose, hydroxypropy! cellulose, 
starch, cyanoethylated starch, polyvinyl alcohol, casein, polyvinyl ether, polyethylene glycol, gum arabi, poly- 
vinyl pyrrol idone. and the Ike. which may be used alone or in combination. 

In the present inventk>n. it is desired to use an anionic water-soluble high nwlecular dispersing agent from 
the standpoint of effectively suppressing the granular growth of the nickel-plated layer in the direction of height 
of further in the direction of the plane. The anionic dispersing agent has anionic groups such as sutfonk; acid 
group, phosphoric acid group or like groups. However, those dispersing agents having anionic groups other 
than cart)oxylic acid groups such as sulfonic add group or phosphoric add group, may contaminate the graphite 
granules. It is therefore desired to use the dispersing agent having carboxylic group as anionic group. The high 
molecular dispersing agent may have other hydrophillc groups such as hydroxy! group, ether group, ester group 
and like groups. 

When expressed as a mol number per a unit weight, the cor)centration of the carboxyl groups in the water- 
soluble high nx)lecular dispersing agent should range from 100 to 1200 millirTK)ls/100 g, and partteularly from 
200 to 1000 millimoles/100 g. When the concentration of the carboxyLgroups lies outside the above-mentioned 
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range, small effect is exhibited for suppressing the granular growth of the nickel layer The molecular weight 
of the water-soluble high molecular dispersing agent should be as great as what is generally regarded to be 
high molecules, such as ^000 or greater and, particularly, 2000 or greater. The counter ions of the anionic wa- 
ter-soluble high molecular dispersing,agent, i.e., cations constituting the base, may be any cations. From the 
5 standpoint of preventing the graphite granules from being contaminated and of improving the heat resistance 
and durability, however, the cations should desirably be those of an ammonium salt or an amine salt. Even in 
case adhered to the film, t he'cations of these salts easily diffuse upon heating and do not contaminate graphite 
granules. 

Examples of amines constituting salt include alkylamines such as trimethylamlne, triethylamine and n-bu- 
10 tytamine. and alcoholamines such as 2-dimethylamino ethanoi, diethanoiamine, triethndamine, aminomethyl- 
propanol and dimethyl aminomethylpropanol. There can further be used polyhydric amines such as ethyiene 
diamine, diethylene triamine, and the like. There can further be preferably used an amine having a branched- 
chain alkyt group and a heterocyclic amine. Examples of the amine having branched-chain alkyi group include 
branched-chain alkylamines having 3 to 6 carbon atoms and, particularly. 3 to 4 cart>on atoms such as iso- 
15 propylamine, sec-butylanrwne, tert-butylamine, isoamytamine and the like. Examples of the heterocyclic amine 
include saturated heterocyclic amines having a nitrogen atom such as pyrrol Wene. pipendine, morpholine, and 
the li(e. 

Ammonia and amines should desirably be used in amounts of at least 0.3 chemfeal equivalent and, par- 
ticularly, in amounts of from 0.7 to 1.3 chemical equivalent with respect to the carboxyl groups of the water- 
20 soluble high nnolecutar dispersing agent 

In the film of the present invention, graphite should exist in an anwunt of from 5 to 70% by weight and, 
preferably, in an amount of 10 to 50% by weight with respect to the whole amount When the amount of graphite 
is smaller than the above-mentioned range, the f i|m loses lubricating property. When the amount of graphite 
exceeds the above range, on the other hand, the film becomes brittle and loses abrasion resistance. 

Examples of graphite include a variety of natural graphites and synthetic graphites. Generally, however, 
it is desired to use a natural graphite having a grain size of from 0.3 to 90 ^n^ When the grain size is smaller 
than the above range, the granules tend to be coagulated. When the partlde size is greater than the above 
range, on the other hand, the film adheres less Intimately to the metal and further becomes brittle. Most pre- 
ferably, the graphite should have a partide size within a range of from 0.3 to 20 ^nx 

According to the present invention, the graphite should not be reduced by more than 50% by weight when 
it is exposed to the open air heated at 650*C for 24 hours, from the standpoint of maintaining lubricating prop- 
erty of the film despite the lapse of tin>e. Loss of graphite granules due to oxidation is greatly affected by the 
presence of alkali metals, alkaline earth metals, metal oxides or metal salts that are contained in graphite since 
they work as a catalyst The life of the film can be extended by using graphite granules vi^hich are highly purified 
to contain ash components In amounts smaller than 100 ppm. 

The matrix may be made of nickel or a nkdcel- based alloy comprising chiefly nickel. An example of the nick- 
el-based alloy may be the one which consists of nickel and at least one of such alloy elements as P, B, Co, 
Mo, Cr, W and Fe. These alloy elements may be contained in amounts of 0 to 40% by weight and, particularly, 
in amounts of 0.2 to 30% by weight with respect to the alloy. A preferred example of the nickel-based alloy 
may be a nickel- phosphorus alloy in which the atomic ratk) of nickel to phosphorus ranges from 99.5 : 0.5 to 
80 : 20 (on the basis of weight). This nickel-phosphorus alloy exhibits particularly excellent abrasion resis- 
tance. 

The dispersion coating bath employed in the present inventton contains the above-mentioned nickel or 
nickel-t>ased alloy component graphite and water-solubie high molecular dispersing agent as essential com- 
ponents. As nickel or nickel alloy component there can be used water-soluble salts such as of nickel or the 
like. As the plating bath, there can be used any known bath such as Watts bath, sulfamic acid bath or chloride 
bath. In this case, an Ni-P alloy-plated film can be formed if phosphorous acid, hypophosphorous acid or salts 
thereof are added to the plating bath. The plating bath may, of course, be blended with a variety of plating 
additives whfch are known per se., such as a variety of surfactants and, particularly, nontonic surfactants in 
order to improve dispersing property of the graphite. 

According to the present invention, the water-soluble high molecular dispersing agent should be used in 
an amount of 2 to 50 parts by weight and, particularly, 5 to 30 parts by weight with respect to 100 parts by 
weight of graphite that is used. A representative example of the plating bath composition is described below. 
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Component General. range Preferred range 



Water-soluble 50 to 300 g/1 100 to 200 g/1 

0 

nickel salt 



Phosphorous acid 0 to 4 0 g/1 3 to 10 g/1 

10 

Boric acid 0 to 80 g/1 20 to 50 g/1 



IS Water-soluble 

high molecular 0.1 to 25 g/1 0.5 to 12 g/1 

dispersing agent 



20 



25 



Surfactant 0 to 20 mg/1 3 to 10 mg/1 



Graphite 5 to 50 g/1 10 to 40 g/1 



pH 1.5 to 4 2 to 3.5 



To effect the dispersion coating, the mold to be treated is rnrtfnersed in the plating bath in a manner that 
30 the mold serves as a cathode and a nickel rod serves as an anode, and an electric current is permitted to flow 
to form a predetermined f 8m. The current density should generaOy range flrom 0.5 to 1 0 A/dm^ and. particularly, 
from 1 to 8 A/dm^. The voltage for plating should be so selected as to create the above current density, and 
generally ranges from 0.5 to 5 V. 

In order that the film contains graphite in large and uniform amounts, the surface of the mold to be coated 
35 is placed on the tower side with respect to the anode to utilize the sedimentation tendency of graphite granules 
forthe codeposition. In order thatthe interior of cavity of thenrK)ld is unffbrmly plated (codepositon), the plating 
operation is carried out whie shaking the nrK>ld up and down with the anode as a center. Furthermore, the 
stirring operatwn is intermittently carried out since the graphite granules precipitate little if the liquki continues 
to flow. It is further reconrvnended to disperse the deposited graphite granule layer again after every prede- 
40 termined time interval, since an increase in the deposited amount of graphite granules due to precipitation 
makes the formatkMi of a dense film difficult This is accomplished by effecting the above stirring operatton. 

(Mold for mokiing a glass) 

45 According to the present invention, the graphite-dispersed nickel film plates on the inner surfaces of the 
nriold should usually have a thickness of from 10 to 600 ^m. When the thickness is smaller than 10 urn, the 
fBm is not desirat)le from the standpoint of durability. When the thickness is greater than 600 jim, on the other 
hand, difficulty is involved from the standpoint of forming the film and an economical point of view. 

According to the present invention as described above, the graphite-dispersed nickel film plated on the 

50 inner surfaces of the mold, Le.. formed on the surfaces to which the molten glass comes in contact, comprises 
a matrix of nickel or a nickel-based alloy which as a whole has a flake-like form that is continuous and exists 
in the form of open cells and a graphite granule phase that is held in the open cells and is outwardly exposed 
on the surface. 

It is essential that nickel or the nickel-based alloy exists in the form of flakes in a number of several percent 
55 to grater than 50 percent on the vertical cross section of the film in the directton of plane thereof and in a 
direction perpendicular thereto, the flake length being smailerthan 20 ^m. More preferably, nickel or the nickel- 
based alloy should exist in the form of granules having such a partkde size that the number thereof Is from 
several percent to greater than 20 percent in the direction of the plane thereof and in a direction perpendicular 



6 



EP0 529 922 A1 



thereto, the granules having a flake length of smaller than 10 ^m. Moreover, nickel or the nickel-based alloy 
shouW occupy 70 to 20% of the area on the cross section of the film. 

The lul)ricating property due to graphHe is strongly exhibited in the direction of plane of a carbon 6-member 
ring (generally, in the direction of plane of a crystal). On the film surface, therefore, the graphite granules 
5 should be distributed in a number of several percent to greater than 50 % having an angle of inclination of the 
graphrte plane of snnaller than 30 degrees from the direction of the film surface. Such a film can be easily 
formed by suitably predpitating the graphite and by preventing the graphite from coagulating. 

Next, working examples of the present invention will be described. 



10 (Examples) 



(Mold Example 1) 



Arnold was dewaxed wHh a 1.1,1-lrichloroethane, electrolytically dewaxed in an electrolytic dewaxing sol- 
15 ution containing 40 g of sodium hydroxWe per a liter at a temperature of 50*C with a cathode current density 
of 5 A/dfn2 for one minute, washed with water, and was then washed with an acW by immersing it in a 5% hy- 
drochloric add solutwn at room temperature for 5 seconds. After further washed wrt h water, the mold was hor- 
izontally set In a plating bath having a pH of 2.5. a temperature of 65«C and the below^iescribed bath com- 
positton and graphrte in a manner that the Inner surface (to be plated) of the mold was faced upwards and 
20 that an anode nickel nxl was located at the center of the Inner surface of the semkyllndrical mold, and the 
plating was effected with a current density of 5 A/dm^ for 30 minutes. While the plating was being effected, 
the plating bath was stirred at a speed of revolutfon of 600 rpm for three seconds. The stirring was then dis^ 
continued for 15 seconds. The above operations were repeated. FurthernDore. the mold was tited by 45 de- 
grees toward the rightwith the anode as a center when the stirring was effected. Atthe next moment of stirring, 
the mold was so tilted that the inner surface thereof faced upwards and at the next moment of stirring, the 
mold was then tilted by 45 degrees toward the left Thus, the mold was Intermittently and reciprocally turned 
from the rightwardly tilted angle of 45 degrees to the leftwardly t8ted angle of 45 degrees in a manner of 45 
degrees toward the right. 0 degree. 45 degrees toward the left. 0 degree In synchronism with the stirring op- 
eration. Moreover, a homogenizer was applied to the plating bath in order to prevent graphite from coagulating. 

Plating bath. 
Bath composition 

Hexahydrated nickel sulfate 200 g/t (118 g/I) 

Hexahydrated nickel chloride 1 00 gyi (55 g/l) 

Boric add 40 g/l 

Phosphorous add 5 g/I 

Carboxymethyl cellulose 2.5 g/l 

SD-1 (Okuno Seiyaku Co.) 7 mM 

Graphite 25 g/l 

Values in parentheses represent those reckoned as anhydrates. 

Graphite Average particle size 5 ^ 

Ash 50 ppm ' , 

Iron content 30 ppm or smaller 
Alkali metal + alkaline 

earth metal 10 ppm or smaller 

(Mold Example 2) 



The PDold was dewaxed with a 1 ,1,1-trichloroethane, polished on its surfaces to be plated with emery, and 
was set horizontally in the plating bath having the same bath composition, and graphite conditions as those 
of Mold Example 1 such that the inner surface of the mold was faced upwards and that the anode nickel rod 
was located at the center of the inner surfaces of the semi-cylindrical moid, and was plated with a current den- 
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sity of 5 A/dm2 for 30 minutes while stirring the plating bath at a speed of revolution of 800 rpm maintaining 
an on-off interval of 3 seconds on and 15 seconds off and tilting the mold in synchronism v/ith the stirring 
operation in the same manner as in Mold Example 1. Further, the homogenizer was applied prior to effecting 
the plating. 

(Mold Example 3) 

The plating was effected under the same conditions, i.e.. same pretreatment. bath composition, graphite 
conditions as those of the Mold Example 1. with the exception of employing a current density of 1 A/dm^ for 
a period of 150 minutes. 

(Mold Example 4) 

The plating was effected under the sanrw conditions as those of Mold Example 1 but changing the stirring 
and mold revolution interval into a 3 second-on-5 second-off cyde. 

(Mold Example 5) 

The pretreatment was carried oufunder the same conditions as in Mold Example 1. and the plating was 
effected in a plating bath having a pH of 3, a temperature of 55*C and the below-described bath composition 
(homogenized prior to effecting the plating) and graphite under the same conditions (stirring, stirring and mold 
interval, current density and time) as those of Mold Example 1. 

Plating bath. 

Bath composition 

Hexahydrated nickel sulfate 
Hexahydrated nickel chloride 
Boric acid 
Phosphorous acid 
Polyvinyl alcohol 

SD-1 (Okuno Seiyaku Co» ) 
Graphite 

Graphite Average particle size 

Ash 

Iron content 
Alkali metal + alkaline 
earth metal 

(Mold Example 6) 

. The pretreatment was carried out under the same conditions as in Mold Example 1, and the plating was 
effected under the following plating conditions by setting the nrx»td in the plating bath having the below-de- 
scribed bath composition, conditions and graphite in the same manner as in Mold Example 1. 



160 g/1 (94g/l) 
120 g/1 (66 g/1) 
40 g/1 
5 g/1 

2 g/1 
7 ml/1 

30 g/1 

3 pm 
70 ppm 

30 ppm or smaller 
10 ppm or smaller 



8 



EP 0 529 922 A1 



10 



15 



20 



55 



Plating bath. 
Bath composition 



Hexahydrated nickel sulfate 


180 


g/1 (106 


g/1) 


Hexahydrated nickel chloride 


40 


g/1 (22 


g/1) 


Boric acid 


40 


9/1 




Phosphorous acid 


7 


g/1 




Methyl cellulose 


2. 


.5 g/1 




SD-1 (Okuno Seiyaku Co,) 


7 


ml/1 




Graphite 


20 


g/1 


* 



Bath condition. Bath temperature 60*C 



Bath pH 2.5 
Homogenized in advance 

Graphite Average particle size 10 ^ 

Ash 4 0 ppm 

Iron content 30 ppm or smaller 
2s Alkali metal + alkaline 

earth metal 10 ppm or smaller 

Plating condftfon Stirred at 700 rpm nriaintaining an interval of 3 second-on and 10 second-off cyde. 
30 Mold rotated Title intermittently toward the right and left by 45 degrees like in Mold Example 1 , and 

the plating was effected for 37 minutes. 

(Comparative Mold Example 1) 

35 The plating was effected under the same pretreatment bath composition and graphite conditions as those 
of Mold Exannple 1 but continuously tilting the mold by 45 degrees toward the left and right (5 rpm). 

(Comparative Mold Example 2) 

40 The plating was effected under the same pretreatment and graphite condftions as t hose of Mold Example 
1 but enftploying the following plating bath composition. 

Plating bath. 

45 Bath composition 

Hexahydrated nickel sulfate 200 g/1 ( 1 1 8 g/1 ) 

Hexahydrated nickel chloride 100 g/t (55 g/1) 

Boric acid 40 g/1 

50 Phosphorous acid 5 g/1 

SD-1 (Okuno Seiyaku Co.) 7 mt/t 

Graphite 25 g/i 

Bath temperature 60*C 

Bath pH 2.5 



(Comparative Mold Example 3) 

The plating was effected under the same pretreatment* plating bath composition and graphite conditions 
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as those of Comparative Mold Example 2, but effecting the stirring at 850 rpm and maintaining a stirring and 
HKild rotating interval of 4 second-on and 15 second-pff cyde. 

(Comparative Mold Example 4) 

The plating was effected under the same pretreatment» plating bath composition and graphite conditions 
as those of Mold Example 5, but without effecting the homogentzation. 

(Comparattve Mold Example 5) 

The plating was effected under the same pretreatment plating bath composition and plating conditions 
as those of Mold Example 5 but using graphite that is described below. 

Graphite Average particle size 3 >ara 

Ash 9000 ppm 

containing 





2600 


ppm 


Si02 


4500 


ppm 


AI2O3 


900 


ppm 


CaO 


400 


ppm 


MgO 


300 


ppm 


SO4 


300 


ppm 



The results obtained are tabulated below. 
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Evaluation A: Evaluated using molds for molding 100 ml t)6verage bottles. 

(3) The number of tames of nx)Iding untS wrinkles and lines develop (min. number of times of nxilding to 
max. number of times of molding using 20 molds). 
(2) Average number of times of nrtotding. 
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(D Evaluation of fine scars on the bottle surfaces. 
@ Did not at all develop. ; 
O Develop to a slight degree without ini posing any probfem 
A Not acceptable to those that strictly require good appearance. 
X Rejected through an inspecting machine. 

According to the present invention as will be obvious from the results of the above working examples, the 
water-soluble high nrK>lecu)es can be made present as a dispersing agent in the dispersion coating bath of a 
solution of a water-soluble nickel salt in whteh graphite is dispersed. It is therefore allowed to suppress the 
growth of nickel or nickel-based alloy in the film In the vertical direction or in the direction of the plane thereof, 
and to form a film of a novel fine structure comprising (1) a matrix of nickel or nickel-based alloy (hereinafter 
simply referred to as nickel) which as a whole is in a thin fiake-lftce form and is continuous and having an open 
celtuiarform and (2) a graphite granule phase which is held in the open ceils and is outwardly exposed on the 
surface, on the surfaces of the mcAd for molding a glass. The film has excellent lubricating property, heat re- 
sistance, parting property, abrasbn resistance and durability in combinatk>n, and makes it possible to stably 
produce molded articles of a glass having very smooth and excellent appearance without even fine scars for 
extended periods of time. 



Claims 

(1) A mold for molding a glass the inner sur^ces of which being coated with nickel or a nickel-based alloy 
comprising chiefly nfckel and with graphite granules, wherein sakJ coated film comprises a matrix of nickel or 
a nickel-based aik>y that exists in the form of open celts and a graphite granule phase that is held in said open 
cells and Is outwardly exposed on the surface, and saki nkkel or said nickel-based alloy exists in the form of 
thin flakes of not more than 20 ^m on a vertcal cross sectk>n of the film in the direction of the plane thereof 
and in a direction perpendicular thereto in a number of at least 50 percent of the entire number. 

(2) A nK>ld for molding a glass according to claim 1, wherein said nickel or said nickel-based alloy in the 
film exists in the form of particles having such a grain size that the number thereof is from several percent to 
greater than 20 percent in the direction of the plane thereof and in a direction perpendicular thereto, the gran- 
ules having a flake length of smaller than 10 

(3) A mold for molding a glass according to claim 1 , wherein sakl nk:kel or said nickel-based altoy occupies 
20 to 70% of the area on the cross section of the fUm. 

<4) A mold for nx)idlng a glass according to daim 1 , wherein the graphite granules are distributed in a num- 
ber of several percent to greater than 50 percent having an angle of indinatton of the graphite plane of smaller 
than 30 degrees from the directk)n of the film surface. 

(5) A mold for mdding a glass according to damn 1. wherein the graphite granules are highly purified to 
cxintain ash components in amounts smaller than 100 ppm. 

(6) A mold for molding a glass according to daim 1 , wherein the loss of weight of graphite is smaller than 
50% when it is exposed to the atnDOSphere heated at 550*^0 for 24 hours. 

(7) A method of produdng a mold for molding a glass comprising immersing the mold for molding a glass 
in a dispersion coating bath containing a solution of a water-soluble nk^kel salt with graphite being dispersed 
therein in a manner that the mokf serves as the cathode and the nickel metal serves as the anode, and flowing 
an electric current to predpftate nickel as well as graphite, wherein water-soluble high molecules are made 
present as a dispersing agent in the dispersive plating bath In order to suppress the growth of nickel or niclcel- 
based alloy in the film in the vertical direction and in the direction of the plane thereof. 

(8) A method according to daim 7, wherein the water-soluble high moiecules are anionic water-soluble high 
mdecules of the type of an ammonium salt 

(9) Anrtethod according to daim 7, wherein the water-sduble high nrtdecules are those of a carboxymethyf 
cellulose of the type of an ammonium salt 

(10) A method according to any one of daims 7 to 9, wherein the water-soluble high molecules are made 
present in a state in which graphite particles are coated therewith. 

(11) A method according to any one of daim 7 to 10, wherein the graphite granules are highly purified to 
contain ash components in amounts smaller than 100 ppm. 
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FIG. X 
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